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PROPOSAL

A STUDY OF HIGH ENERGY 7 - NUCLEON COLLISIONS

Duke University
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University of Toronto
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A. R. Erwin, M. A, Thompson

We propose to study w-nucleon collisions at 200 BeV using the 30"
Hydrogen bubble chamber and wide gap spark chambers. We propose to
take 600,000 pictures divided equally among 1T+, m on p and Tl'+ ond. Up
to 20 %of the pictures can be taken with very little peripheral equipnient.
An important feature of the proposal is in the detection of high energy y-

rays.
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I. INTRODUCTION

We propose to use the 30" Bubble Chamber and associated up-
stream and downstream equipment to study general features of the reac-
tions induced in w-nucleon interactions. We request a total of 600, 000
pictures divided equally between T - P, Tr++ p, and -rr++D at 200 BeV with
the equipment described below and at this intermediate energy we can
measure many of the interesting dynamical variables sufficiently accurately
to test several current theories of high energy reactions. Some of these
answers can be obtained with the bubble chamber even if the downstream
equipment and some of the upstream equipment is not available, but much
more interesting physics will result if it is in operation. We are interested
in obtaining up to 20 percent of our pictures with essentially no auxiiiary
downstream equipment.

Particularly, we shall measure the momentum distribution of pro-
duced pions formed in pion nucleon collisions. This information can only
be obtained at NAL. This physics is discussed in Section 2.

We shall also be able to study diffraction dissociation of the nucleon
and the diffraction dissociation of the 7 into various products as discussed
in Section 3.

Our proposed system of gamma-ray detection from 7 will allow

us to extend present knowledge of elastic and inelastic w- w scattering by
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identifying and studying some of the events v+ 1 —5 even number of
pions in the final state (Section 4).

We shall be able to search for quarks in three ways: 1) by
identifying less than minimum ionizing track By charge of e/3 or 2e/3.
2) by detecting decay of quarks if their lifetime is in the range of 10.11
to 10"9 seconds, and 3} by observing traumatic changes in cross-
sections as a function of mass. This is elaborated in Section 5.

In Section 6 we discuss the additional equipment that we propose
to detect and measure the position of energetic gamma-rays and to im-
prove the trigger system. We also discuss the importance of gamma-
detection in event analysis. The bulk of the upstream and downstream

equipment could be used by all experimental groups as discussed in the

Appendix,
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II. MULTIPION PRODUCTION

For strong interaction physics one of the principal advantages
of the NAL accelerator over the ISR is its exclusive ability to study high
energy meson-nucleon interactions. These interactions are pefhaps more
interesting than nucleon-nucleon interactions because they allow one to
contrast features of hadron interactions which reflect the different struc-
ture of the nucleon and meson. For example, if the mesons have a 2-quark
structure and the nucleons have a 3-quark s.tructure, this quark-like struc-
ture would be most easily observed in meson-nucleon multiparticlie
production.*

The bére 30" ANL chamber is a very limited device, but several
important questions in'multiparticle physics can be answered using it

without any additional downstream equipment. Part of our running time

can be accumulated in this unadorned mode and still yield important results
for multiparticle physics. In what follows we discuss the‘utili»ty of the
chamber without downstream equipment, however we intend to implement
and use such equipment as much as possible to increase the accuracy of

the data.

*Elbert et al., Phys. Rev., May D1 (1971).
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Multiparticle Studies Without Downstream Equipment

By restricting the fiducial volume of the 30" chamber to the first
10 inches and using the full 30 KG field, it becomes possible to make
many useful multiparticle studies without any auxiliary downstream equip-
ment. We make the assumption that beam tracks are 200 GeV/c and that
angular and position measurements are no better than obtained at ZGS
eneégies.

A 200 GeV/c "leading' particle after the collision can have trans-
verse momentum measured to 400 MeV/c vs./hich is right in the peak of the
di;tribution of P All slower particles will therefore have Pp determined
well enough for many purposes. Longitudingl momentum will not be so
well defined, but it does not have to be since the physically relevant
variable seems to be PL/pmax = x. Even a 20 percent measurement of
this variable will answer a number of questions posed by lower energy
data.

The value of the x variable runs from -1.0 to +1.0. Measurement
errors for this variable are small for values of x ¢2+0.5, becoming
about 15 percent at x = +0.5. Above x= +0.5 the error soars to between
50 percent and 100 percent at x=+ 1.0. This is not serious for two reasons.

1) The large error occurs only at x=+1.0. Thus x cannot be greater than

1.0 nor as small as x=+0.5. 2) Only "leading' particles have this large
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a value of x anyhow. Each event will h.a.ve on the average approximately 1/2
a leading particle. The advantage of a positive primary beam is that
negative secondary tracks are all produced pions and contain no fast
(x = 1.0) "leading' pions.

Suppose the "ideal' spectrum for positive particles appears like

this:

. O :
‘ y...,m,;{:,, 4":0

Our measured spectrum with a bare chamber would appear like this:

X = + WO
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For "produced'' negative pions we should be able to reproduce the "ideal"

spectrum with no difficulty:

dr
Leg

—}.0 4+1.0

This faithful reproduction of the negative spectrum means we can
detect the asymmetry in the produced pions which can be attributed to the
difference in meson and nucleon quark structure.

Muitiplicity distributions are particularly important for distinguish-
ing some theories. The spatial resolution in the 30" chamber is still
adequate for this at 200 GeV/c. A '"worst-case'' of two superimposed
100 GeV/c tracks of opposite sign would separate several bubble diameters
in the 20" measuring region (assuming 20X demagnification and a 30 n
diffraction image on the film). We note that the optics in the 30' chamber
are good enough to allow one to distinguish and measure by hand super-
imposed tracks separated by less than a bubble diamseter.

In studying the possible high momentum track confusion we might

encounter at 200 GeV/c, we have made a plot of the projected spatial
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separation of the two closest tracks of each event as they leave the
fiducial volume (Figure ! ). This uses 25 GeV/c events scaled to 200
GeV/c. Only in less than 10 percent of the events do we find tracks
closer than 4 track-widths. Scanning and measuring may be difficult

in some cases but seldom impossible.
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A. Positive Beams

There are two possibilities for positive meson beams which are
discussed below:
. + +
1. It appears one can obtain a usghble v (or K ) meson flux at
200 GeV/c with essentially no proton contamination. We draw on counter-
spectrometer data of Turkot et al.* at 16 GeV/c and our own 25 GeV/c
- +
w p bubble chamber data. High momentum w 's are produced by the
reaction
- + ‘ .
™ p —> w® + Anything
We make use of the scaling law suggested by Vander Velde™  on the basis

of limiting fragmentation where the quantity that scales is

2
d o
(pT, —%
p dfidp o)

1

o
Figure 2 shows the cross sections expected for 246 GeV/c -n'+ production
by 300 GeV/c = 's. With Ap/p =1% and 0. 25uSR solid angle acceptance
this implies between 3 and 9 1r+'s per 166 interacting 7 's on a hydrogen
target. A study of our 7 GeV/c 7 data indicates a signiﬁcaﬁt gain in

+
high energy 7 's when a deuterium target is used, probably because double

scattering in deuterium allows a double charge exchange. Ferbel¥¥*

x Frank Turkot, private communication.
¥%J. C. Vander Velde, University of Michigan preprint.

x%% Tom Ferbel, private communication.

e
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calculates 1r+ fluxes from a Be target that are about an order of magni-
tude larger by assuming reasonable diffractive processes. In this case,
however, the proton contamination is unknown but probably small.

If one assumes the usual Tr+/K+':g 10 at the target for zero longi-
tudinal crm momentum (pL = 0), it appears at 25 GeV/c that.for large
Py, the ratio will be K+/1-r+ -~ 1 - 3! This is based on a COmparison of
-n'+'s and K*'s produced in 25 GeV/c 7 p interactions.

To use a Ap/p =1 52’, it will be necessary to know the momentum-
dispersed position of the interacting beam particle in order to determine
jits momentum more precisely, Charpak or wire chambers in front of the
bubble chamber will be needed to obtain angular measurements on the
incident beam in any case. Tagging the K+ interactions will, of course,
require at least one Cerenkov counter.

2, The simplest 1T+ beam can, of course, be obtained using 400 -
500 GeV/c incident protons on a light target and taking 200 GeV/c Tr+'s
off at a small (00) angle. The 1r+/p ratio is about 1 in this case, and
Cerenkov tagging would produce a useful 1r+ beam. We would propose to

run in this manner if the double charge exchange feature appears too diffi-

cult at turn-on time.
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B. Negative Beam

The m beam should be the simplest to obtain at 200 GeV/c.
Cerenkov counters will not even be needed in this case if the proton
momentum is sufficiently close ( ~250 GeV/c) to that of the produced

7 beam.

SIS 2
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III. DIFFRACTIVE PROCESSES

One of the simplest processes to observe with this chamber will
be the diffractive dissociation of the nucleon. We should be able to ex-
plore transitions up to masses of 8 % 10 BeV. Thus we should find pro-

cesses as indicated by the diagram below

TN o -
ee—— .
<
;
-\]
/’73; //’ -
rkd /'- .......... :/_—
I " e -\~‘
- -

Where M* is the object which has an I spin of 1/2 and probably has a low
spin., Thus we should be able to see such 'processes as
+ .
M7 — %P
R

(o]

—3 P+P+P

as well as very multiple processes., At present only the simplest diffractive

processes have been studied such as
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%t

+
M —% 7 + N

+ -
—_—r v +1w + P
——-S"rr--!-,A_H-

With the higher excitation available it should be possible to observe in
‘a very clean fashion much more complicated diffractively produced objects.
Also, of course, we have the possibility of observing the diffraction
dissociation of the incident projectile,
The characteristic of these diffractively produced states is that
they show a large enhancement at the threshold for the state. For example,
t —% w+ /° shows a peak at a m - ¢ mass of about 1.1 BeV/cZ. The 5 -
system shows a peak at aboﬁt 2 BeV/cZ. If the 7 is really strongly coupled
to a quark - anti-quark system then we would expect to see a strongly

produced state of mass somewhat greater than 2 M The existence of such

q.
a strongly produced mass would be an indication of the existence of such a
system even though the quark might be short-lived and have integral charge.

A search can be made even though there is no simple signature of the

"guark' itself.

/36-/%
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IV. HIGH ENERGY w-7 COLLISIONS

At low energies (~v2 BeV) in m - P collisions involving one pion
exchange constitute a large fraction of the total m - P cross-section
(7 mb out of a total of 30 mb). At higher energies the fraction seems
slightly less but still constitutes a sizeable fraction of the total w~P
cross-section. In the 5-10 BeV region simple 2~-body processes such
as w + 1r+ —> /90 and m + 1r+ — £ are much in evidence (2.5 mb out of
27 mb), and also we see evidence for T+ Tr+ -——>'(41r)o, o+ e —b (47)"
(probably ~2 mb). These latter processes are difficult to see clearly
because they are mixed up kinematically with other processes such as
baryonic resonance production. Wisconsin results at 25 BeV indicate
that the 7 - cross-section seems to become constant at an energy of
~2 BeV and at a value of ~20 mb. The elastic 7 - cross-section be-
comes quite small { 1-2 mb) in the 2-3 BeV total energy region. As
the bombarding energy is increased it should be possible to observe the
inelastic processes associated with the 7 - collisions. For example,
we might expect to finda) 7 + 1 —» {3m)" + ™ (by looking at reactions

-

- R - - 2T, 20
T P—>r+n+wm +w +A+)orb)1r+1ro—-)/0+/00. 7“,7"’}’,”{"?/

1

The thing easily observable in these reactions is the recoiling

. ++ . . U . .
baryon {either at /A in reaction a) or a recoiling nucleon in reaction b).

/3675
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In the 100 - 200 BeV range for the w the products of the w-w collision
tend to be moving with several BeV with respect tothe nucleon. This
means that the kinematic mixing which occurred at lower energies
should not be a problem. The difficulty in observing the reactions has
to do with establishing the G parity of the pion combinations,
The biggest contamination will come from diffractive dissociation
of the . For example, we need to differentiate between
- - - + o}
*“ +P—r1m +w w0 +1w +P
and
— - - +
N+ —=> o +7v +7 +P
Both of these reactions tend to occur with a small momentum transfer
o :
to the nucleon. If the m has a momentum of 10 BeV/c or greater it
should be relatively easy to detect. Thus at least in a considerable fraction
of the events of type ¢ we should be able to differentiate ¢) from d). We

observe a cross-section of about 0.8 mb for each of these reactions at

25 BeV.

What Can Be Done with Limited Facilities?

We can look at events with recoiling protons. For such events one
can calculate the missing mass. For low missing mass (1-2 BeV) this
can be done only crudely but by 2 -4 BeV the missing mass may be mea-

sured with modest precision (~1+ 1 BeV). By counting with some y-
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detection capability we can determine whether there are an even or an
odd number of 7's present (assuming that all the emerging fast particles
are w's).

For a given even G parity state in a given mass range we can
look at the momentum transfer spectrum of the recoiling nucleons on
A4 +, to seec if it is characteristic of one pion exchange. There are other
checks that one can make to see if the OPE process makes any sense.
For example, fore aft symmetry in the dipion rest frame would be a
check that one could make. We believe it is possible to look at m-m
collisions without analyzing the events in detail. We can also cross
check the results by comparing 1'r++n —> (4w or b m° + p with

++
1r++ p—> (4mor 61r)°+ A .

/26 -7
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V. QUARK SEARCH

Considerable effort has been devoted to the search for quarks
both at accelerator and cosmic ray energies. So far all of the direct
efforts have failed to find any such objects. It is conceivable that quarks
have integral charge and are very shortlived. In such a situation one might
expect no particular signature. The only clue might be an enhancement in
a mass spectrum. For example, consider the pion.
™ S qF

wp —P(qd)+p

so that

in a diffractive fashion. We would then expect to see an enhancement which
rises beyond 2 Mq in the mass spectrum of the produced object. The free
quark state might show only as an enhancement in the 7 or 9 pion state pro-
duced diffractively. An analogous situation would seem to be in the process
® —> pn. The diffractive process seems to have a cross-section of ~10 -
20 ub whereas one also observes a peak in the 57 spectrum in the mass
range of 2 BeV which may reflect this same pn state. The 57 cross section
is probably larger than the Ppn production by an order of magnitude.

For Z.OO BeV pions we can effectively explore the diffractively pro-
duced mass range of 1 —» 9 BeV. Thus we might expect to explore up to
quark masses of 3 -4 BeV. We could also see quark pairs produced in w -7
collisions up to a similar mass range.

By having 1-r+-d, T -p, 'rr+-p one has the possibility of looking at
both neutral and charged states for an enhancement in the same mass

range.

/36 /s



VI. y-RAY DETECTION AND TRIGGERING

We propose to detect y-rays from fast m's and to measure their
positions in the wide-gap chamber by placing 1/2" lead plates between
the two downstream wide-gap spark chambers. A 3" wide by 7" high
hole will permit the beam to pass through without scattering. About 85
percent of the y-ray passing through the lead plate will convert and produce
a pulse in one of the scintillators covering the full area of the lead and also
provide visible tracks in the chambers which will permit a measurement
of the y-ray direction. A second similar set of plates and counters will
be placed between the upstream chambers to cover a part of the area of
the exit port in the magnet that is not covered by the downstream spark
chamber, as viewed from the target region of thé chamber. In addition
to the triggers discussed in the Appendix, we will also trigger on a coin-
cidence between a beam-particle and any of the y-ray counters. This will
reduce the inefficiency for those cases of a single forward-going charged
particle which happens to pass through the beam counter.

Downstream of the trigger and coincidence counters we will place
a further y-ray detector to detect o y-rays which pass through the 7" x 3"
hole in the lead in the downstream spark chambers. This detector will
consist of a plate of lead 1" x 48" x 20" with four 24'' x 10'" scintillation
counters covering its back furface. The pulse from the four counters will

be added, analyzed and recorded when in coincidence with the trigger pulse.
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There will frequently be a charge particle passing through this counter
but the number will be known from the spark chamber data and the pulse
from a shower developed in four radiation lengths of lead will be clearly
distinguishable from charge particles uﬁaccompanied by y-rays.

Thus fast 7 's will be detected over all the forward solid angle
with high efficiency. This will identify events with a fast forward °

and will be very useful. A very common final state comes from
- - o0 o
Tp— w+wm +w +p
where the w's come from diffraction dissociation of the m .

Importance of y-Ray Detection

It is obviously very important to detect y-rays for bo‘th physics
and technical reasons.. Physics-wise it is important to' know the number
of m's to determine the G-parity of a given state.

Technically the information on the presence or non-presence of
7 's will be of enormous help in fitting of events in a situation of marginal
momentum determination. As a simple example, suppose we have an

event which might look as below

Py =5 BeV/c
P _p =200+ 70 BeV/c

.________/
N

~

~

~ p =4.5BeV/c
Bi -~ -

= 0.5 BeV/c
pP

136 .28



The transverse momentum balance for the slower tracks might
be to within + 50 MeV/c. The thing that one does not know is the momen-
tum of the forward going particle. If it has a momentum of 130 BeV/c
then there are likely to be 1 or more tO's in a very small cone about the
outgoing fast w. The knowledge that there are no T ls present will allow
one to fit the event with accuracy a sizeable fraction of the time. One
can generalize this to a more complicated final state as well.

If both y's from a m are detected, one can determine the momentum

) o . JSo—-Se _

of the m to modest precision (55=FF percent) by measuring the opening

angles.
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IV. Experimental Arrangement for the Proposed 30-inch
Bubble Chamber -~ Optical Spark Chamber
Hybrid System |

The main components of the proposed detector system are shown in
Figure 1. These include:

(1) The 30-inch hydrogen bubble chamber, for observation of the inter-
action vertex and analysis of all low energy charged particles with momenta
below ~20 GeV/c.

(2) An upstream beam diagnostic system for providing precise measure-
ments of beam particles.

(3) A wide gap optical spark chamber spectrometer situated downstream
for providing important additional data on energetic secondary charged
particles with momenta above approximately 20 GeV/c.

(4) A shower spark chamber system situated behind the spectrometer
for information on very energetic gamma rays.

While the arrangement is similar in some respects to the bubble chamber -
spark chamber detector system described in the Aspen study. of Fields, et al.l,
it is not required for the presen{ initial experiment to have the very high
accuracy requirements for final state fitting which was of primary interest
in the latfer study.

These components are matched to the kinematic requirements, as discussed
below, in such a wéy that they provide re]ative]y-complete examination of
individual multiparticle interactions in the 100 GeV/c region and above.

The most noticeable feature of multiparticle interactions as presently known
is the tendency for the emitted particles to~be produced with reTatively small

transverse momenta. Those going backwards in the em system with large longi-
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- tudinal momenta then appear in the laboratory system with Tow momenta

and large angles. Particles with small longitudinal momenta can appear in
the lab at intermediate momenta and angles, while the forward particles in
the cm appear as highly collimated, energetic components of a forward jet.

Examples of kinematically allowed regions for transverse and longitudinal
cm momenta are shown in the Peyrou plot of Figure 2 for the case of 500 GeV/c
pp interactions. Superposed are the expected contours for laboratory angles
and momenta of outgoing pions, showing the characteristics described above.
For greater detail, the region of small. transverse momenta is shown in
Figure 3. Backward pions in the cm with transverse momenta below.1 GeV/c
are seen to have laboratory momenta of less than ~20 GeV/c, and can appear
at angles even beyond 90°.

Similar behavior is illustrated for secondary protons from 200 GeV/c
pp interactions in Figure 4, except that the allowed maximum laboratory ang]e_'
here must be less than 90°. On the other hand, those particles produced
with small or forward longitudinal momenta PL, and transverse momenta
P_X 1 GeV/c, are seen to have laboratory momenta above approximately 20 GeV/c

T
and are confined to a forward cone of less than approximately #4° opening angle.

_A. Bubble Chamber

The main bubble chamber requirements here are good track resolution,
angular precision X 1 mrad, good momentum accﬁracy up to the 20 GeV/c region,
and provision of suitable exit windows and magnet apertures for the forward
secondaries. The 30-inch bubble chamber is eminently suitable, without re-
quiring any significant modifications.

The gross chamber features illustrated in Figure 1 are those of the 30-

inch, whose characteristics include high resolution dark field optics, a
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magnetic field of 32 Kg, multipulsing capabilities of X five expansions per
0.5 seconds, and a maximum detectable momentum of over 1000 GeV/c. In the
configuration shown in Figure 1, the beam is brought in through a small
window which is currently in use as an exit window for a neutral hadron
hybrid spectrometer at ANL. The Timiting exit angle allowed by the magnet
structure in the horizontal plane is confined to approximately %3.5°, which
corresponds to allowing all secondary partic]es_above ~20 GeV/c to enter the
downstream spark chamber spectrometer. In the vértica] plane the magnet
iron and beam exit windows allow particles at angles up to approximately #10°,
Thus, it is obvious that‘the analysis of tracks below ~20 GeV/c will neces-
sarily be performed in the bubble chamber, where Ap/p 210% and 46 = 1 mrad.
This, in our opinion, is a sati;factory level of performance for this parti-

cular group of produced particles.

B. Bubble Chamber Beam

Since the spectrometer facility is planned to be of general use, a
comprehensive beam system is requfred. This section discusses beam charac-
teristics and beam defining equipment which we regard as necessary to do a
variety of experiments in the 30-inch bubble chamber with the associated
downstream spectrometer. It is assumed that the beam, as described in the
Lach-Pruss reportz, will be constructed, including a secondary hadron target.
It is also assumed that fluxes of at least ]010 protons will be available at
the secondary hadron target, with a spill time befween 60 and 200 u sec. Two
or three such spills per accelerator pulse would be highly desirable for
bubble chamber multi-pulsing. In addition, it is assumed that beam tuning
detectors (scintillators or wire proportional chambers) will exist, and also

at least one Cerenkov counter to determine relative fractions of v, K and p.
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In addition,

A) it is felt that a flux-limiting fast kicker will permit much more
efficient use of the bubble chamber, giving cleaner pictures and avoiding
unusable pictures;_ |

B} a Cerenkov counter which can efficiently tag n's vs. (K and p) up
to 200 GeV/c is desirable for beam purity in view of possible significant
fractions of K~ and 52’3;

C) a second Cerenkov counter which can tag"(n", K') vs. p will permit
studies of K~ and p interactions as a by-product of a =~ experiment. Eventu-
ally X~ and p enrichrent triggering might be done. If K'/p and «'/p ratios
are good, similar arguments will apply for positive beams;

D) positioen tagging of each beam tréck in the chamber, in timz correla-
tion with the above Cerenkov signals; will be necessary.

E)} external determination of beam momentum and angles will be mandatory
in most cases. Five small proportional wire chambers can do this job and
also tag all beam tracks in (D).

We now discuss items (A) -.(E) in greater detail.

A) Fast Flux limiting Beam Kicker

A 1-2 u sec. kicker with integral Bd1 one Kg-m would kick the B high
target image upward by 0.065 mrad, or by 13 mm with a 200 meter lever arm.
The kicker should be Tocated 1000 feet from the chamber. However, the beam
track counter should be placed at the chamber entry window to avoid uncer-
tainty in n. The signal propagation delay (~2 u sec.) is comparable to the
rise time, p]u; there are_logic and ignition delays. Given a total delay of
4 to 7 p sec., n = 10 tracks/picture, and 100 u sec. spill time, one could

control the flux to 10%, which is excellent. This is enormously better than
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the typical fluctuations without a kicker, and should eliminate a source of
wasted bubble chamber photographs and wasted accelerator pulses.

B and C) Cerenkov Tagaing of #, K and p.

Extrapo]at10n53 of Serpukhov data indicate that 500.GeV/c protons on a
target will produce a rich ratio of K'/v~ and p/n~ at 100 GeV/c -- 5% and 15%
respectively, 1 km. away at the bubble chamber. The need for x»~ tagging in
this case is obvious, and the opportunity to study tagged K~ and p inter-
actions early is attractive. In secondary posifive beams, p and 7 and
probably K" will all be present in significant amounts at some energies, and
will require tagging.

S. Pruss (NAL) has suggested a differential Cerenkov design, an out-
growth of ideas he presented at the 1970 Summer Studyu. .Small angle light
is directed to one phototube and light between this angle and_a larger angle
is directed to a second phototube. For Cerenkov angles ~5 mrad, the angular
separation of »'s from K's at 200 GeV/c is several times the natural beam
divergence of 10"4mrad, or the chromatic Ae. . Good photon fluxes at these
angles should parmit efficient tagging at p ~ 200-250 GeV/c or beyond. A
lsecond Cerenkov counter of identical design would then permit separation of
p from K and =.

The design involves 40m of Helium-filled pipe at n.2 to 1 atmosphere
absolute, downstream diameter 12" to 18", a 100" focal length spherical mirror,
and the above-mentioned phototube array. High'counting efficiencies can be
obtained even beyond 200 GeV/c in the differential mode of operation with this
length. Beam divergence must be ~ 0.1 mrad, close to what is achievable in
the existing beam design.2 Pressure must be monitored to 10 mm of mercury

and average temperatures to 5°C.



D) Position Tagging of Tracks to Correlate with Cerenkov Inforration

Minimal position tagging could be accomplished wfth a crossed pair of
picket fence scintillator arrays. This means a non-negligible number of
phofomu]tip]ier tubes, since the number, m, of x-y resolution elemants
should be many times greater than the number, n, of beam tracks to reduce the
probability of two tracks in one hodoscope location. Moreover, one must
record the bubble chamber frame number and x-y for each beam track. Thus,
a fast parallel shift register is needed to abso;b information during the
beam spill and later pass it on to a computer or perhaps directly to an
incremental tape unit.

Hith this in nmind, we suggest the use of small proportional wire arrays
of 50 to 100 wires, read out as above. One gets greater X-y resolution at
somewhat less cost and can also achieve the purposes of jtem (E). Such a
system is illustrated in Figure 5.

‘E} Angle and Momentum Tagging.

To use the 30" bubble chamber efficiently, one should start the fiducial
volume immediately at the beginning of the liquid. Hence, one must know p
and 6 of the beam externally. In any case, one can do better externally than
by measuring short b?am tracks in the liquid. .From beam optics one Qil] have
s 6= 10"“ rad and ép/p = 0.066%.2 However, in flux-limited situations one
may want to increase the momentum bite to 1%. Then it pays to replace the
momentum s1it with a proportional wire array and win back the sp/p inherent
in the target size. This corresponds to a wire spacing of 2mm. A more
refined system can be made with 1'mm. wire\spacing, but several such chambers
would be required to determine orbits better. In effect, the equivalent of

a second plane near the target is needed to reduce the "target size". In
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this case one also improves upon the ,066% which can be‘achieved with momen-
tum slits.

The phase space of the beam as designed is ]O'B:inchz-steradian. With
a reasonable beam size fﬁ the chamber, for example ~ 0.5 X 3.0 inches, either
the beam is paraliel to 10““»rad or its angle can be determined to 107" by

. ., . . -l
measuring position in the chambers. This matches §0 2107 from the

coulomb
entry windows, and also matches for beam up to 500 GeV/c with the transverse
momentum accuracy one obtains from measuring outgoing tracks in the last half
of the bubble chamber or better still in the wide gap optical chambers.

To survey the proportional chambers, a well measured non-interacting
track in the bubble chamber determines & to 0.5x107 in y, and 1.5 x10™* in
z, while s6(coulomb)~10™" from the entry windows. At a distance of 13 m, the
wire location is known to 1.5 and 2.4 mm respectively in y and z, from a
singlg track.

‘We propose to use an existing, tested design of Charpak chamber5 with
good space resolution and immunity to spark chamber noise, compact and with
a relatively small number of wires in total. We cou]d“certain]y put the
information onto magnetic tape, together with Cerenkov counter signals, for
each beam track into the bubble chamber. Frame numbers would also be'written
onto the tape between beam pulses. A small computer would be the most
flexible readout device. A fast parallel shift register or equivalent will
be needed to interféce the proportional wire and Cerenkov signals. The com-
puter could in principle be dispensed with and the information written dir-
ectly from the shift register by an incremental tape unit, but with the loss
of online diagnostic capabilities. Given a computer with a fast printer, the

track tagging information could be printed out’'frame by frame for each roll,
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avoiding magnetic tape and associated format problems for the users.

C. Spark Chamber Spectrometer

Although many of the salient features of multiparticle interactions will
be obtained from the analysis of only the low energy particles seen in the
bubble chamber, as illustrated in the previous disbussion, we beljeve that
additional 1nsi§ht can be provided by supplementary information on the more
energetic downstream components of the same events. The following deals
with four important aspects of the system:

(A) spectrometer resolution,

(B) spark chamber optics,

{C) gamma-ray detection and,

(D) trigger schemes.

(A) Spark Chamber Spectrometer Resolution

The apparatus, as shown in Figure 1, includes nolexternal magnetic field
other than that of the bubble chamber itself. Calculations show that utili-
zing (a) the event vertex location in the bubble chamber (b) the chamber's
fringing field and (c¢) track locations in the wide gap chambers a typical
Ap/p accuracy of +5-10% or less is readily obtainable for fast secondaries
produced in a 200 GeV/c collision on hydrogen. It is clear, however, that
considerable additional accuracy is available on the very small angle fast
secondaries with the addition of a magnet downstream. Pre]imihany considera-
tions for such a system are also presented.

In the initial scheme, two spark chamber units are utilized,.one immedi-
ately behind the bubble chamber magnet with four gaps of active volume 36"

wide by 48" high by 8" deep and the other unit 4.5 meters downstream, against
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the far wall of the bubble chamber building, with the same dimensions. The
downstream 36" dimension subtends a #3.5° angle from the bubble chamber,
Assuming the following perameters: (1) #500 p on each point measured in the
spark chambers (2) eight points measured per spark chamber unit {3) 50 u
on the vertex in the bubble chamber and (4) 872 Kg-in of integral Bdl in
the bubble chamber fringing field we find that xap/p (%) ¥ 9.07 p (GeV/c).
Taking into account the following sources of error due to multiple coulomb
scattering: (1) 15" of LH2 (2) 0.12" of Fe (B.C. window) (3) 0.25" of Al
(vacuum tank windows) and (4) 0.5 cm of counters and other.smaller sources
(air, chamber walls), the resultant *ap/p{%) has been determined and is
shown in Figure 6. With the exception of the fastest secondaries produced
at the highest momenta proposed, the calculations show that the downstream
~ spectrometer will provide data comparable in accuracy to that of the bubble
chamber at 1owef secondary momenta and permit a complete study, in conjunc-
tion with the bubble chamber, of all interesting production angles.

The necessary and straight forward extension of the apparatus to yield
more precision in the momentum determination of fast forward particles re-
quires an additional spark chamber module plus a magnet. This would involve
a large aperature magnat (e.g., an ANL type BM 109 with a 8" x 24" x 72"
aperature and maximum integral Bdl of 1366 Kg-in) placed immediately down-
stream of the second spark chaﬁber module followed by a third spark chamber

module 5 meters from the magnet. A1l tracks with lab momentum ~ 100 GeV/c

and with transverse momentum = 1 GeV/c will be transmitted through the apera-

ture of the magnet and will be recorded in the third spark chamber module.
The defiection in the magnet, coupled with the long lever arm, pfovides a
#Ap/p ¥ .012 p (%). Thus, 6-7% +Ap/p or less can be achicved for all tracks

of interest without altering the initial setup of the experiment.
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(B) Spark Chamber Optics

The wide gap chambers have an active volume 8" deep x 48" high x 36" wide

per cell. Each chamber consists of 2 cells énd each module consists of 2
chambers, as seen in Figure 7. The chambers are mounted on a precision plat-
form which has three primary functions: 1) Providing a means of determining
the relative locations of the two chamber modules and. the bubble chamber, 2)_
Providing a means of maintaining a continuous check on these positions and
3) Providing a'simple means of re-installing the apparatus in the beam line
after removal. Measuring of apparatus locations is done by means of two
theadolites, one to determine and monitor bubble chamberfspark chamber plat-
form positions and the second to determine and monitor spark chamber-spark
chamber platform positions. Leveling legs on the chambers, top, bottom,
. front, and rear fiducials on the chamber frame and fiducials on the precision
platform serve to position the chambers in a known orientation. Front and
top fiducials also appear on each film frame to orient the chambers on the
film. Rear and bottom fiducials on periodically run fiducial runs.serve to
compiete a three dimensional co-ordinate system for track reconstruction
independent of knowledge of camera position. Additional platform fiducials
in view of the camera can serve as an extra check on spark chamber-platform
orientations.

The chamber separation is variable within and between modules. hiwnnin
the module a maximum separation of 32" is allowed. As seen in Figure 8,
this maximum separation still permits viewing both chambers in a module with
one 35 mm. camera at a demagnification of 64:1. This demagnification is an
upper limit permitted by the intrinsic resolution of a film such as Kodak

Shellburst for a real space position accuracy of 0.1 mm. With a 4" lens



- the camera can be located at 20 ft. from the center of the chambers. The
chambers are inclined 6° relative to the beam line to permit a direct view
in each chamber, thereby eliminating lenses and mirrors in that.view (see
Figure 9). The chamber windows are made of 10 mil, clear Mylar to elimin-
ate distortions there. One precision mirror is used in the 90° stereoc view
to bring that view to the same camera. A fiducial plane with many fiducié]s
is lccated at the bottom of the spark chamber to permit corrections due to
any distortions in the mirror. 90° stereo is uséd for maximum accuracy in
reconstruction. The direct view is the view of the plane of bend for maxi-
mum accuracy in momentum determination. A strip mirror subtending ~ 1/3

of the gap in the direct view provides 10° stereo for resolving ambicuities
in track4reconstruction. The mirror subtends only part of one .gap in each
chamber to eliminate confusion between the direct and 10° stereo tracks. A
dark room under slight over pressure surrounds each assembly for photographic

and hydrogen safety reasons.

(C) Gamma-Ray Detection

The insertion of several radiation lengths of material between the second
and third gaps of the spark chamber units will provide an effective converter
for gamma-rays from fast, forward »°'s. From the point of interaction, pro-
bably measureable to : 5 mm, both the frequency and direction of fast n°'s
can be inferred. To our knowledge, the only previous measurement of »° fre-
quency is that of Elbert gz_gl,s at 25 GeVY/c for »"p in a hydrogen bubble
chamber with plates. Their results, although somewhat weak statistically,
are in rather strong disagreement with the multiperipheral mode}. Clearly,
more precise measurements at NAL energies will be very valuable in our pro-

posed studies.
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(D) Trigger Schemes

The trigger arrangement will be designed such that the spark chambers
fire on virtually all interactions, there being nearly one per beam burst.
A picture of the bubble chamber will be taken for each expansion. Two

simple and flexible schemes have been devised:

(1) Encrgy-Loss Trigger: Referring to Figure 1, multiparticle-charge-
particle secondaries would be selected by pulse-height criteria in the
counters 53 Sy Ss' More than one particle will, on the average, give a greater
pulse height than that for a single beam particle. Although one might consi-
der almost any type of counter which gives signals proportional to the number
of particles which transverse it, e.g. Cerenkov, scintillation, etc., the
most simple to utilize is the scintillation counter and it also turns out to
result in the thinnest detector {in g/cmz). A single scintillation counter
when traversed by a high energy particle will give a Landau pulse-height
distribution. This distribution, with it§ long tail at high pulse heights,
cannot be avoided in the present application. A pulse height of 2 times the
minimum value will occur on traversal by'a single minimum ionizing particle
5% of the time. This can be greatly improved, however, if two or more
counters Sl’ 52} 33 Sq.g.Snare utilized and the minimum pulse height appear-
ing is considered. In this case, the width of the distribution will be
decreased by 1/v/n and even for n = 3, the tail has all but vanished. If
this signa1 is to be used to trigger the downstream chambers, the minimum
pulse height must be determined in <<] u sec;

With this method, it is to be noted that the downstrcam counters should
be thin in order that nuclear interactions in them do not occur‘frequently.

Such interactions are no different in character from those in the chamber and
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walls and triggers due to them would certainly result. The number of these
should be much smaller than those which occur in the chamber. In 1 mn of
plastic scintillator a minimum jonizing particle produces m103 photons. With
an efficient photo cathode (n25%) and a light collection efficiency of ~20%,
50 photo»e]ectroné could result. This number is sufficient to assure that
statistical fluxtuations will be relatively small. The five counters, Sl;
52, 53, Su’ and.Ss, would represent a total thickness of 0.5 cm which is
Q.Scm/52cm = 1/100 of a geometrical-mean-free-path. Thus, with 6 particles
per picture and with the counters described, in ~n 6% of the pulses would the
spark chamber system have recorded interactions occuring in the triggering
counters S$,5,5.S, and S..

For reasons of efficient and uniform 1ight collection the size of these
counters probably should not exceed 8" x 8". This‘presents some minor limi-
tations in the detection of secondaries as they must appear within a cone of
+3° if placed at a distance of ~2 meters trom the interaction. It may be
possible to locate counters nearer the chamber inside the iron yoke, and if
so the acceptance angle would be increased. This setup is very inefficient
for elastic scattering and processes of the type pp-ppn{«°), when the struck
proton is slow and at a large angle, thus missing sgshss. However, an
alternate scheme, discuésed next, would resolve this shortcoming. Also, with
this arrangment one also might consider triggering on events with no charged
secondary within the angular acceptance of SBS“and Ss' This alternate
trigger could be tried with parallel logic and coﬁ]d be easily included or
not as a paraT]e] trigger.

(2) Beam-Deflection Trigger: The trigger consists of a 3.0 inch dia-

meter scintillator S3 located in the beam 125 feet downstream from the
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bubble chamber (see Figure 1). WUhen this scintillator fails to record a
particle previously observed by counters S, S, in the beam upstream of

the bubble chamber, it is considered to have interacted.
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For the purposes-of investigating the properties of the trigger we
assume a 2.0" diameter beam in the bubble chamber. This allows a beam spread
which does not diverge after leaving the chamber except for mu]tip]e Coulonwb
scattering. For beam momenta between 100 and 500 GeV/c the beam size at the
downstream scintillator should not exceed 2.25 inches due to multiple
scattering.

This trigger fails most frequently in detecting elastic scatters.

Table II below lists the average minimum scatter angle and recoil range for

elastic events which will actuate the trigger.

TABLE II - Minimum Angle and Recoil Range For Elastic Events

Beam Momentum Minimum Scatter Angle Minimum Recoil Ranae
GeV/c mr. cm
100 1 0.3
200 1 3.5
300 1 15.0
500 1 100

There is considerable flexibility here. For example, by moving 53 to

200 feet downstream of the bubble chamber and using a diameter of 2.5"
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instead of 3.0", one achieves a minimum angle of 0.5 mr. and a minimum range
of 8.0 cm at 500 GeV/c.

Some fraction of the inelastic events might also be expected to put a
particle through S,, invalidating the trigger. Scaling 25 GeV/c events to
NAL energies indicates this is not very imporfant, in part because the bubble
chamber field imparts transverse momentum to a track which is several times
that of the minimum detectable elastic scatter. For example at 200 GeV/c
this trigger fails on 4.5% of the 2-prongs, 3% of the 4-prongs, 1% of the
6-prongs and 0.3% of the 8-prongs.

This small loss 6f jnelastic events can be reduced somewhat by sur-
rounding S, with a larger counter Su' A hole in Sl+ passes beam particles

on to 83. A multiparticle accidental through S3 is likely to be accompanied

——
o

by one or more particles through Su' Hence one would trigger on (51.32.53.
Sq), (SI.SZ.§;1§;), (51.52.53.54). One can reduce the loss rate arbitrarily
by increasing the size of S# or moving it closer to the bubble chamber.

S3 Qas not placed more than 125 feet downstream of the bubble chamber so
that transit time of the particles and signals would be short enough to allow
adequate time to perform logical operations and apply sparx chamber voltages
in less than 500 ns. This restriction is probably too strict by at least a
factor of two and can probably be relaxed to observe smaller angle elastic
scatters. Some groups will probably prefer a beam profile in the chamber
more like 5" x 1/2". In this case S, would be about 6.5" x 1". This has
approximately the same solid ang]e.as the circular counter discussed above
and presents no focusing problems for the presently planned beam.

Finally, it is emphasized that both these triggers are flexible and

most certainly can be studied quickly and efficiently under test bean condi-
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tions. It would be our intention to do so before proceeding with "production”

data-taking.
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FIGURE CAPTIONS

Fig. 1 Components of the proposed hybrid system.

Fig. 2 Contours of laboratory angle and momentum on the Peyrou Plot for
the « in the reaction p + p-*n+ + ... at 500 GeV/c.

Fig. 3  Shows more detail of Fig. 2.

Fig. 4 Detail of contours of laboratory angle and momentum on the Peyrou
Plot for the proton in the reaction p + p->pt ... at 200 GeV/c.

Fig. 5 Upstream proportional wire spectrometer.

Fig. 6 Calculated momentum resolution for the'apqaratus of Fig. 1.

Fig. 7 Wide gap optical spark chamber (one of two such chambers).

Fig. 8 Wide gap optical spark chambers and.camera positioning.

Fig. 9 Format of images on 35 mm film.
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Figure 5

upstream at-a focus where the image of the target is ~2 mm in size. The
dispersion is a2 "/% at this point.
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